Listeria monocytogenes is a bacterium capable to adhere to the surfaces of equipment and utensils and subsequently form biofilms. It can to persist in the food processing environmental for extended periods of time being able to contaminate the final product. The aim of this study was to trace the contamination route of L. monocytogenes on a fresh mixed sausage processing line, from raw material to the final product. The isolates obtained were characterized by serotyping and molecular typing by pulsed-field gel electrophoresis (PFGE) using the restriction enzymes ApaI and AscI. L. monocytogenes was detected in 25% of the samples. The samples of raw material were not contaminated, however, the microorganism was detected in 21% of the environmental samples (food contact and non-food contact), 20.8% of the equipments, 20% of the food worker's hands, 40% of the mass ready to packaging and in all the final products samples, demonstrating that the contamination of final product occurred during the processing and the importance of cross contamination. PFGE yielded 22 pulsotypes wich formed 7 clusters, and serotyping yielded 3 serotypes and 1 serogroup, however, the presence of serotypes 4b and 1/2b in the final product is of great concern for public health. The tracing of contamination showed that some strains are adapted and persisted in the processing environment in this industry.
INTRODUCTION
Listeria monocytogenes represents an important hazard to human health because it is capable of causing listeriosis, an atypical foodborne disease with a high fatality rate, ranging from 25 to 30% in susceptible populations (15) .
Contamination of products by this microorganism occurs more commonly during their processing and it is often the result of persistence of strains in the food processing plant (9, 20, 30) . Beef, poultry, seafood and dairy processing plants can be contaminated by L. monocytogenes (3, 5, 7) and studies have shown that this bacterium can survive in the plant for extended periods of time (17, 18, 20, 28) .
Thirteen serotypes have been reported for L.
monocytogenes. Three of them (1/2a, 1/2b and 4b) are associated with the majority of sporadic cases of human listeriosis and the serotype 4b is linked to almost all recent outbreaks of listeriosis. Serotyping may be used to investigate foodborne disease outbreaks and to identify sources of contamination and routes of spread in the food processing environment, but this technique is less discriminatory than molecular typing methodologies (22) .
Nevertheless, it provides relevant information for quick discrimination of isolates obtained during suspicious outbreaks, and it improves the efficiency of other more sensitive typing methods (14) . Pulsed-field gel electrophoresis (PFGE) have been successful used in characterization of L. monocytogenes, mainly in epidemiological investigation and the tracing of contamination of food processing plants. This method has a very high discriminatory power and is reproducible (12) .
Pork meat and processed pork products have been the sources of outbreaks of listeriosis (30) , however, there has been sporadic information on the occurrence in processed pork meat products in Brazil. Fresh mixed sausage (a sausage made of raw pork meat, beef meat and pork fat) is a very popular Brazilian product, thus, the evaluation about the prevalence and contamination route of Listeria monocytogenes in these products is a cause of concern. The aim of this work was to trace the contamination route of L. monocytogenes on a fresh mixed sausage processing line, from raw material to the final product, of a slaughterhouse in the city of Pelotas-RS, Brazil, using serology and PFGE.
MATERIALS AND METHODS

Sampling
All material were collected from a fresh mixed sausage processing line of a slaughterhouse under state inspection, in Pelotas, RS, Brazil, and the sampling followed the method recommended by APHA (1). Sixty-eight samples [ 
Isolation of L. monocytogenes
Isolation was carried out according to the methodology described by Farber et al. (10) 
Pulsed Field Gel Electrophoresis
The CDC (12) protocol was used for PFGE analysis. 
RESULTS AND DISCUSSION
Global contamination by Listeria monocytogenes: a total of 68 samples were collected from a processing line of fresh mixed sausage in Pelotas, RS, and the overall prevalence of L. monocytogenes in the samples was 25%. The raw material was not contaminated (0/10). Nevertheless, the environment and the equipment (9/43), the handlers (1/5), the mass ready to packing (1/5), and the final products (5/5) were more frequently contaminated. In a previous study, our group has shown that L. monocytogenes was prevalent in three fresh sausages plants and their products, at different stages of manufacturing (27) .
An important observation is that none of the samples of raw material were contaminated by L. monocytogenes, however, the pathogen was isolated in all samples from the final product demonstrating that raw material was not an important vehicle in the dissemination of this microorganism during processing. are the most prevalent in samples of patients in this country (14, 16) . This form, it is important to highlight that the isolation of the serotypes 4b and 1/2b in the final product is of great concern for public health. The presence of these strains may result in sporadic cases or an outbreak of listeriosis, particularly if this product is consumed by persons in the at-risk population or if properly cooked (15, 30) . The final product was the only one who made the highest number of pulsotypes (17) . The majority of pulsotypes isolated of final product was unique (P5; P8; P9; P10; P11; P13; P15; P17; P18; P19; 20; P21; P22), in other words , they were not isolated from any other sample. These strains may be present in the processing plant in undetectable quantities to detect trough the conventional techniques of isolation, but once they contaminate the mass, they can multiply during the 24h period of storage in the cold room and be detected in the final product (7, 26) .
Distribution of
The high genetic diversity of final product, without
contamination of raw material demonstrate that the contamination occurred during the processing, and that raw meat seemed not to be an important factor in the contamination of fresh mixed sausage. Several studies, using Strains from clusters IIIA and ID appeared contaminating only the environment and surfaces ( Table 1) , suggesting that these strains are more adapted to these environments, more sensitive to spices and preservers used in the production of the fresh mixed sausage, or may be bad competitors, as they were not found in the final product.
However, the clusters IA and IIB, probably are more important in cross contamination of the final product, once they contaminated the processing environment and, later, the fresh mixed sausage (Table 1) .
579
Characterization of L. monocytogenes by PFGE 
581
The most prevalent serotype was 1/2c, however, the presence of isolates from serotype 4b and 1/2b in the final product indicate that consumption of fresh mixed sausage can be risky to susceptible population if not properly cooked.
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